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Summary

This paper reports the results of an investigation into spatial

price relationships in the North-American livestock industry. The study

analyzes the price differences for slaughter steers, slaughter cows,

feeder calves, and slaughter hogs, between Eastern Canada, Western

Canada, and the US midwest; and the price difference for slaughter lambs

between Eastern Canada and the US.

The first part of the report contains an introductory analysis of

the price differentials of interest. The approach is descriptive and

graphical, and the results show that price spreads have changed over

time, in some cases quite drastically. However,. trends can be

identified for each of the price differences, at least for some

subperiods. Also, the period between 1973 and 1975 is somewhat atypical,

and virtually all price spreads display considerable short-run

volatility.

The second part of the study reports the results of, an econometric

analysis which illustrates how much of the price spread variability can

be explained by a carefully specified econometric model. The competitive

spatial price equilibrium model for a single good traded between many

regions is briefly reviewed. The special case of two vertically related

products, such as hogs and pork, is also presented. This leads to the

specification of price linkage equations, which are estimated using

quarterly data for the post-1975 period. Several specifications are

used for each price linkage, and all equations are estimated using both

ordinary least squares and generalized least squares to account for

serial correlation in the residuals. The econometric results show that



the performance of the estimated price linkage equations is generally

satisfactory, although the implications of the competitive spatial

equilibrium model are not always satisfied. Heteroscedasticity of the

residuals, which would imply an increased volatility of the price

spreads, and seasonality are tested for each equation, and the results

indicate that they do contribute significantly to explaining price

spreads. The results provide strong support for the hypothesis that
,44

price spreads tend to increase as the volume of trade increases, and the

predictive accuracy of the equations including the net trade variable is

reasonably good.

The last part of the study presents a short-run, three-region

normative spatial equilibrium model for slaughter steers and heifers,

and hogs. The main features of this type of model are reviewed, and the

empirical application postulates constant elasticity demand functions'

and predetermined supply in each region. The parameters of the model

are calibrated to replicate the observed data for 1984, and the model is

then used to simulate the short run effects on prices, demand , and

trade flows, of exogenous shocks affecting supply, transportation costs,

and demand. For the hog model, the simulation exercise includes an

analysis of the 1985 US countervailing duty, and some simulations are

carried out assuming that transportation costs change as trade flows

change, as the econometric findings suggest. The results highlight the

nature of the competitive spatial equilibrium model, and illustrate the

variability of price spreads between regions that do not trade directly.

The concluding section of the paper summarizes the main results, and

discusses implications and limitations of the analysis.



1

.44

1. Introduction

Livestock and meat prices in Canada are largely determined by supply
•

and demand conditions in the much larger United States market. This

general observation is of fundamental importance for anyone concerned

with the livestock price level in Canada, and especially for the

econometric modeling efforts of Agriculture Canada. From the theory of

spatial price equilibrium, the implication of the above is that the

price in Canada should equal the United States price less transfer costs

if Canada is exporting, and should equal the US price plus transfer

costs if Canada is importing, where transfer costs are broadly defined

as including any cost that must be incurred in moving a commodity

between two locations. While this suggests that the relationship between

Canadian and US prices in the livestock sector are straightforward, even

a casual observation of the evolution of the market in the past few

years indicates that this is not the case. Indeed, concerns have been

expressed that Canada - US price spreads in the livestock sector have

widened in the last few years, and that they have become more

unpredictable. These concerns originated this study, and provide the

motivation for a detailed analysis of the problem to provide both

qualitative and quantitative information useful in understanding and

predicting Canada - US price relationships in the livestock sector.

The main objective of this study is to analyze spatial price

differentials for: (a) slaughter hogs in Eastern Canada and the US

midwest; (b) slaughter steers in Eastern Canada and the US midwest; (c)

slaughter cows in Western Canada and the US midwest; (d) feeder calves

in Western Canada and the US midwest; and, (e) slaughter lamb in Eastern

Canada and the US. To get a more complete picture of US-Canada price
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relationships in the livestock sector, price differentials between

Eastern Canada and the US mid-west for slaughter cows, and between

Western Canada and the US mid-west for slaughter steers and hogs are

also analyzed. Furthermore, given the relevance of interregional trade

in the Canadian livestock market, price differentials between Eastern

Canada and Western Canada are included in the analysis. The basing

points for the computation of price differentials ,are: Toronto for

Eastern Canada; Calgary (for feeder calves, slaughter steers, and

slaughter cows) and Edmonton (for hogs) for Western Canada; and, for the

US: Omaha (for slaughter steers and slaughter cows), Kansas City (for

feeder calves), US 7-markets (for hogs), and San Angelo, Texas (for

lambs).

The first part of the study is dedicated to an introductory analysis

of the price differentials of interest. The analysis utilizes graphical

techniques, and some simple descriptive statistics to provide an

overview of the problem. To move beyond the results of this stage, the

second part of the study presents a review of the theory of spatial

equilibrium. This highlights the nature of price equilibrium, its use

in econometric modeling, and gives precise indications of the data

necessary for an empirical implementation of this type of model. This

is followed by an econometric analysis of price linkage equations

between Canada and the US market. The third part of the study is

devoted to constructing a simple normative spatial equilibrium model so

'as to replicate trade flows for a recent benchmark year. This model uses

consensus estimates of the relevant parameters, and illustrates how

sensitive interregional price differences and trade flows are to changes

in the exogenous variables and parameters of the model.
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2. Preliminary Analysis

In this section the price differences mentioned in the introduction

are illustrated. The main objective is to provide a descriptive profile

of the price differences over the last twenty years. The data used is

quarterly data and in most cases it was obtained from Agriculture

Canada s computer databank.

2.1. Graphical analysis

The graphs reported in Appendix A give an excellent introduction to

price levels and price differences in the livestock sector. Figures Al

to A5 show price levels in the US, Eastern Canada, and Western Canada

markets. Figure Al displays the price of slaughter steers in Toronto,

Calgary, and Omaha. For the purpose of making the price series

comparable", the Omaha price (and all the US prices used in this

is expressed in Canadian dollars using the quarterly average

rate for conversion. Figure A2 shows the price of slaughter

directly

section)

exchange

cows in

Toronto, Calgary, and Omaha, while Figure A3 maps the price of feeder

calves in Toronto, Calgary, and Kansas City. Figure A4 graphs the price

of hogs in Toronto, Edmonton, and US (7-markets). Finally, Figure A5

shows the prices of slaughter lambs in Toronto and US (San Angelo) The

main information that emerges from the figures is the path of the cycle

that these markets have experienced in the last twenty years. In the

beef sector, the most striking development took place between 1977 and

1979, with the price of slaughter steers doubling from 40 $/cwt to 80

$/cwt (Figure Al), with the other prices in the beef sector (Figures A2

to A4) following suite. For hogs (Figure A4) the price in the three

regions displays a general trend upward from the early seventies, but
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with more pronounced and regular cycles. The prices of lambs (Figure A5)

also show an upward trend, which is particularly pronounced between 1977

and 1979, and between 1983 and 1986. While these figures provide

information on the general movement of price levels in the period

considered, the prices themselves are too close for the figures to shed

much light on the evolution of price differences. Thus, Fi,gures A6 to

Al4 show the actual price differences.

Figures A6 and A7 show the evolution of price differences for

slaughter steers. The price difference between Toronto and Omaha was

near zero till 1973, when it increased sharply for a couple of years.

After that, the price spread has been more stable with the Toronto price

generally above the US price. The price difference for slaughter steers

between Calgary and Omaha (Figure A6) displays a similar behaviour up

until 1975, after which it dips downward as the price in Calgary is

generally below both the Toronto and the Omaha price. The price

difference between Toronto and Calgary (Figure A7) is always positive,

and it displays a strong upward trend since 1974.

The behaviour of price differences for slaughter cows over time,

illustrated by Figures A8 and A9, is very similar to the one just

described for slaughter steers. The spread between Toronto and Omaha is

almost always greater than the spread between Calgary and Omaha. After

the steady period 1966 to 1973, and a jump upward around 1974, the

Calgary-Omaha spread has moved below zero, while the spread Toronto-

Omaha has stayed mostly above zero. The difference in slaughter cow

prices between Toronto and Calgary (Figure A9) is almost always greater

than zero, oscillating between zero and two $/cwt for the period 1965 to

1976. Since 1978 the spread has widened considerably, with most of the
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increase taking place between 1978 and 1980.

Figure A10 shows the price difference between Toronto and Kansas

City, and between Toronto and Calgary, for feeder calves. Generally,

these differences are negative, with Canadian prices being below the

American price, except, notably, for a couple of years after 1974. The

strongest movement is observed between 1975 and 1979, with a marked

movement downward of the price differences. Although the effects of the

directions of trade will be dealt with later, the fact that Canadian

prices are normally below US prices results from the exporting position

of Canada. The price difference between Toronto and Calgary for feeder

calves, plotted in Figure All, is in general positive, except for a

considerable decline in 1978 and 1979 when the Toronto price was as much

as 13 $/cwt below the Calgary price.

The spread in the hog price between Toronto and US (7-markets), and

between Edmonton and US, is reported in Figure Al2. The Toronto price

was usually above the US price until 1977, while the Edmonton price was

below the US price for most of the same period. After 1977 both spreads

display a downward trend, which is more accentuated in the period 1983

to 1986. As for the hog price difference between Toronto and Edmonton,

Figure Al3 shows that the price in Eastern Canada has been above the

price in Western Canada for most of the period, although the years 1978

and 1979 are an exception. Finally, Figure Al4 illustrates the price
••

difference between the price of slaughter lambs in Toronto and the

corresponding price in the US (San Angelo). The price in Toronto is

above the US price for most, of the period, with a larger than usual

value in the second quarter of 1975. A large negative value for the

spread is found only in the third quarter of 1985.



6

The graphs described above suggest three things: *) trends can be

identified in each of the price difference series; (ii) the period

between 1973 and 1975, which encompassed the US price freeze, is

atypical, with much larger price spreads between the US and Canada than

in other years; and (iii) there is considerable short-run variation in

the price and price difference series, a volatility that seems to go

beyond a seasonal component.
,,;

2.2. Price difference levels and variability

The information contained in the above mentioned Figures is

summarized, somewhat more rigourously, in the tables of Appendix B. In

these tables, the 21 year period from 1966 1 to 1986 3 is separated into

4 subperiods (in some cases, detailed in the tables, the available

sample is slightly shorter). For each subperiod, and for the whole

sample period, the mean, the variance, and the coefficient of variation

of the price spreads are calculated. The mean shows the sign and size

of the price spread in each subperiod, while the variance and

coefficient of variation give and indication of the volatility of the

price spreads. The coefficient of variation is more suitable for

comparing the volatility of spreads with different means, but it has the

drawback of being ill behaved when the mean of the price spread is close

to zero. Two tests of interest are performed and reported in these

tables. First, the hypothesis that the mean of the price spread is the

same in all subperiods is tested. This is done by comparing the sum of

squared residuals of two regressions, one where the price spread is

regressed on a constant (which yields the whole sample mean), and one

where the price spread is regressed on four dummy variables

corresponding to the four subperiods (the estimated coefficients of
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,.;

which are the subperiods means) This leads to a statistic with an F-

distribution with (r,n-k) degrees of freedom, where r is the number of
•

restrictions (3 in this case), k is the number of parameters of the

unrestricted model (4 in this case), and n is the number of observations

of the whole sample (Johnston, 1984, pp.206-207). The second test is a

test of variance equality (homoscedasticity) between subsamples which

utilizes one of the procedures outlined in Johnston (1984, pp. 298-299).

As for the mean of price differences, the hypothesis of constancy

between subsamples is not rejected (at the 5% probability level) only

for the spread of slaughter cow prices between Toronto and Omaha. The

hypothesis of variance constancy between subperiods (again, at the 5%

probability level) is not rejected only for the price differences of

slaughter cows between Toronto and Omaha, for feeder calves between

Calgary and Kansas City, and for slaughter lambs between Toronto and San

Angelo. These simple tests confirm what the earlier graphical analysis

suggested, that there is significant variability in both the size and

volatility of the price spreads in the time period considered, and

suggest that more analysis is required to understand the behaviour over

time of the spatial price spreads in the livestock sector.

3. An econometric analysis of price linkages

This section presents a rigorous econometric analysis of the price

spreads of interest. Before analyzing the econometric specification and

estimation of price spread, however, it is necessary to review briefly

the theory of competitive spatial price equilibrium.



3.1. Competitive statial price equilibrium

The "law of one price" is one of the main principles of the theory

of international trade. It is really an equilibrium condition, which

says that, with no transportation costs or other barriers to trade, the

price of a good in an open market equilibrium must be the same for all

trading countries or regions (Caves and Jones, 1985). This will make the

trading decisions of the countries involved compatible (total demand

equals total supply, and total exports equal total imports), and the

solution will be an equilibrium solution in. that no further spatial

arbitrage possibility exists. If trade is affected by the existance of

transportation costs, the law of one price is only trivially affected.

Equilibrium still requires prices between any two trading regions to

differ by exactly the transportation cost, and prices between any two

non-trading regions. (in open equilibrium) to differ by less than the

transportation cost. Tariffs and other barriers to trade can be

accounted for in this framework, since they can be thought of as

additional costs that have to be incurred in moving a commodity between

any two locations.

More formally, the competitive spatial equilibrium conditions can be

represented as:

S.(P.)

D.(P.) =
J J

P. = P.
1

P. = minimum L.(P.) : 0 <
1

= j

i j
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4,1

with:

where: i = 1,...,N indexes regions at the supply level;

j=1,...,N indexes regions at the demand level;

P
k 
= Price in region k (k=i,j);

Si = Supply in region i;

D. = Demand in region i;

X. = Trade flow from region i to region j;13

L.(P.) = Price linkage between.*3 1 
Pi and 
P'1

Q.. = Upper limit for trade flow X...
13 13

Notethatwheniandjindexthesameregion,thenX..is the amount of
13

supply consumed domestically. The price linkage function is of

fundamental importance, because it reflects the effects of

transportation costs, exchange rate, import tariffs (or subsidies), and

export taxes (or subsidies). A general version of the price linkage is:

(9) P. E L.(P.) = {[P.*(1+t.)+T.+C..]*E..)*(1+t.)+T.j 3 1 1 1 1 13 13 J J

where: t. = ad-valorem export tax (negative if subsidy);

T. = specific export tax .(negative if subsidy);

C.. = transportation costs between i and j (in currency13

E.. = exchange rate converting currency i into currency13

t. = ad-valorem import tariff (negative if subsidy);

T. = specific import tariff (negative if subsidy).

±);

i;
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It should be emphasized that the equilibrium conditions shown above

pertain to a static, perfect competive trade model, which assumes a

homogeneous good (consumers in any one region are indifferent as to the

source of the product), perfect information, timeless and frictionless

adjustment, and competitive behaviour of the trading countries.

3.2. Spatial equilibrium with interrelated goods

While for the sake of clarity •the spatial equilibrium conditions

have been formalized for a single good produced and consumed in many

regions, they are essentially the same when considering more than one

market simultaneously. In a general equilibrium, the equilibrium price

in any one market is obviously affected by demand and supply conditions

in other markets. The spatial configuration of prices in any one

market, however, will obey the same linkage conditions described for a

single product, since the underlying principle is still the exaustion of

spatial arbitrage possibilities. This case is very relevant to the

problem of price relationships in the livestock sector, since trade of

livestock product occurs along with trade in meat products, and the two

market levels are highly interrelated. To illustrate this point an

example is utilized. Consider two interrelated products, say hogs and

pork, and let x denote the quantity of hogs, y the quantity of pork, w

the price of hogs, and p the price of pork. Furthermore, let :

x = x(w)

Y = Y(P)

z = z(w,p

supply of hogs

demand of pork

demand of hogs supply of pork

In a closed market, with hogs and pork measured in the same units, the

equilibrium prices of Ihogs and pork 
(w0,130%

) will solve the market
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equilibrium conditions at the two market levels:

x(w) = z(w,p)

z(14,p) = y(p)

In an open market the equilibrium conditions are similar. For instance,

considering only two countries (A and B), so that an analytical solution

can be found without requiring numerical optimization, with no transfer

costs the market equilibrium conditions are:

xA(w) xB(w) = zA(w,P) zB(w,P)
zA(14,p) + z1304,p) = yA(p) + 3713(p)

That is, the total supply of hogs must equal the total demand for hogs

in the two countries, and the total supply of pork (equal to the demand

for hogs, given the same unit of measurement) must equal the final

demand for pork in both countries, and these equilibrium conditions will

solve for the open market clearing prices (p*,14*).

A numerical example will drive home the main point. Assume:

= 2w

X
B 

W

YA = 15 - P

= 15 - p

z
A 
= 15 - 6 w + p

z
B 
= 15 - 5 w + p

Note that in this example the two countries have the same final demand.
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Country A is more efficient in the production of hogs, and country B is

more efficient in the transformation of hogs into pork. The equilibrium

conditions for this example are:

2w + w = 30 - llw + 2p

30 - llw + 2p = 30 - 2p

which when solved give the equilibrium solution:

w* = 60/17'

p* = 165/17

These equilibrium prices imply the following equilibrium quantities:

country A : x* = 120/17

country B : x* = 60/17

z* = 60/17 y* = 90/17

z* = 120/17 y* = 90/17

Note that country A exports 60/17 units of hogs, while it imports 30/17

units of pork, while country B imports 60/17 units of hogs and exports

30/17 units of pork. Thus, if we consider the total net trade position

for the hog/pork sector, country A is a net exporter and country B is a

net importer. Notwithstanding this, the prices in the two countries are

exactly the same because of the absence of transportation costs. The

moral of the story is that whether a region will have a price above or

below that of a trading partner will only depend on the direction of

trade of the good being considered, and not on the direction of trade of

related products.

3.3. Application to the livestock industry

shown in the preceding • theoretical review, the spatial
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equilibrium competitive model gives rise to two basic propositions: (1)

the direction of price differences between two trading regions depends

on the direction of trade, and (2) the size of price differences will be

affected by transportation costs, tariffs and subsidies, and exchange

rates. Before exploring the implications of these two propositions for

the livestock market, data requirements must be addressed.

3.3.1 Data requirements

As equation (4) and (9) suggest, to analyze price linkages we need

information on regional prices, on the directions of trade, on tariffs

and subsidies, on the exchange rate, and on transportation costs.

Prices in Western and Eastern Canada, and in the US, are readily

available for selected locations. For slaughter steers, the prices used

are the weighted average price of slaughter steers (A1,2), 1000 Lbs and

over, in Calgary and Toronto, and the price of slaughter steers, choice,

900-1100 Lbs, in Omaha. For slaughter cows, we used the weighted

average price of slaughter cows (D1,2) in Calgary and Toronto, and the

price of utility cows in Omaha. For feeder calves, we used the price of

feeder steer calves (graded), 500-600 Lbs, in Calgary and Toronto, and

the price of feeder steers, medium No. 1, 400-500 Lbs, in Kansas City.

For hogs, the prices used are the weighted average price of hogs index

100 dressed at marketing board, in Alberta and Ontario, and the hog

price, barrows and gilts 7-markets, in the US. Finally, the prices used

for slaughter lambs are the weighted average price of lambs (A and 8),

80-100 Lbs, in Toronto, and the price of slaughter lambs, choice, in San

Angelo.

The directions of trade for the commodities of interest, and for the
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three regions to be analyzed, are illustrated in Tables 3 to 7. Western

Canada net exports to the US in the beef sector are reported in Table 1.

Over the period analyzed, Western Canada has virtually always •been a net

exporter of beef meat, and of slaughter bulls and cows, while a mixed

record is displayed for slaughter steers and heifers. In this group,

Western Canada was a net importer for the period 1970 to 1978, while it

has been a net exporter since 1979. Western Canada has always been a net

exporter to the US of feeder calves and cattle, partly due to the fact

that imports of feeder cattle from the US are virtually precluded.

Table 2 gives the same information for Eastern Canada. Again, Eastern

Canada is virtually always a net exporter to the US of beef meat, and of

slaughter cows, while the opposite is true for slaughter steers. Eastern

Canada is also a net exporter of feeder cattle to the US, although the

shipments are very small. The net export position to the US of Canada

as a whole in the beef sector is reported in Table 3. Canada is always

a net exporter of beef meat, slaughter bulls and cows, and feeder calves

and cattle to the US. For slaughter steers, Canada was a net importer

for the period 1970 to 1983, while in the last two years it has moved

back to the net export position of the late sixties.

Canadian net exports to the US in the pork sector are illustrated in

Table 4. Due to the fact that live hog imports from the US are virtually

precluded by health regulation, both regions are net exporters of hogs

to the US, although these exports have become sizable only in the

1980's. Both Canadian regions experienced a deficit position in pork

around the mid-1970's, which has however turned into a clear export

position since 1980. As for intra-Canada trade, Table 5 shows that the

direction of trade is consistently from West to the East. The bulk of

‘-;
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Table 1 - Western Canada Net Exports to the U.S. in the Beef Sector

•

dressed slaughter slaughter feeder
meat steers & bulls & total calves

heifers cows & cattle

mill. lbs. carcass weight 000's

1966 20.5 -1.0 42.9 62.4 280.0
1967 6.0 -4.8 6.9 8.1 120.8
1968 10.9 4.3 23.2 38.3 111.1
1969 6.5 5.8 16.5 28.8 12.8
1970 16.0 -1.5 4.5 19.0 4.6
1971 10.9 -4.0 -8.3 -1.5 11.0
1972 2.1 -7.0 1.7 -3.2 54.0
1973 2.1 -29.7 19.0 -8.5 118.7
1974 2.2 -15.9 0.7 -13.0 12.8
1975 -0.1 -4.4 62.4 57.8 28.8
1976 25.2 -8.7 102.4 118.9 58.7
1977 24.9 -2.5 106.8 129.2 140.1
1978 22.4 -7.5 77.7 92.6 62.8
1979 21.6 1.5 41.8 64.9 28.7
1980 17.5 2.4 49.4 69.3 32.6
1981 33.4 4.5 43.6 81.5 34.9
1982 45.8 24.5 64.3 134.6 71.4
1983 51.0 28.4 42.1 121.6 7.8
1984 60.2 65.0 49.1 174.3 4.9
1985 98.9 43.4 59.0 201.3 59.7

Source: Agriculture Canada databank.



16

Table 2 - Eastern Canada Net Exports to the U.S. in the Beef Sector

dressed slaughter slaughter feeder
meat steers & bulls & total calves

heifers cows & cattle

mill. lbs. carcass weight   000s

1966 16.7 4.0
1967 -1.9 -4.4
1968 27.0 8.2
1969 47.5 10..4
1970 95.5 -1.5
1971 53.6 -12.3
1972 28.4 -12.8
1973 29.6 -88.6
1974 31.7 -45.8
1975 25.5 -7.8
1976 57.4 -38.1
1977 58.6 -0.0
1978 42.4 -22.7
1979 67.6 -10.8
1980 91.7 -31.2
1981 95.0 -82.3
1982 91.0 -39.3
1983 81.9 -41.6
1984 97.2 -10.9
1985 84.8 -29.7

10.0
3.0
3.0
3.1
7.7
12.1
10.5
19.8
3.8
-1.0
1.9

17.2
37.4
39.7
31.9
19.5
34.6
54.5
32.1
35.6

30.7
-3.3 '
38.2
61.0
101.7
53.4
26.1 -

-10.4
16.7
21.3
75.8
57.1
96.5
92.4
32.2
86.4
94.8
118.4
90.7

2.2
0.8
1.5
0.8
2.1
5.8
4.8
9.1
1.8
1.1
4.8
2.9
10.1
10.6'
9.3
11.0
9.7
6.8
2.2
4.6

Source: Agriculture Canada databank.
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Table 3 - Canada Net Exports to the U.S. in the Beef Sector

dressed slaughter slaughter feeder
meat steers & bulls & total calves

heifers cows & cattle

mill. lbs. carcass weight   000's

1966 37.2 3.0 52.9 93.1 282.2
1967 4.1 -9.2 9.9 4.8 121.6
1968 37.8 12.5 26.2 76.5 112.5
1969 54.0 16.2 19.6 89.8 13.6
1970 111.5 -3.0 12.2 120.7 6.8
1971 64.5 -16.3 3.8 52.0 16.8
1972 30.5 -19.8 12.2 22.9 58.8
1973 31.7 -118.2 38.9 -47.7 127.8
1974 34.0 -61.8 4.5 -23.3 14.6
1975 25.3 .1.2.2 61.4 74.6 29.9
1976 82.6 -46.8 104.4 140.2 63.5
1977 83.4 -2.5 124.0 204.9 143.0
1978 64.7 -30.2 115.1 149.7 73.0
1979 89.3 -9.3 81.5 161.5 39.4
1980 109.2 -28.8 81.3 161.7 41.9
1981 128.3 -77.8 63.1 113.7 45.9
1982 136.8 -14.8 98.9 221.0 81.1
1983 132.9 -13.2 96.6 216.4 14.5
1984 157.4 54.2 81.2 292.7 7.1
1985 183.7 13.7 94.6 292.0 64.2

Source: Agriculture Canada databank.
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Table 5 - Western to Eastern Canada Livestock Shipments

slaughter slaughter feeder
steers & bulls & calves
heifers cows & cattle

000's

hogs

1966 125.2 4.1 391.7 2.4
1967 116.6 16.3 484.1 1.5
1968 145.7 0.0 444.5 2.1
1969 127.3 1.0 384.5 2.1
1970 120.0 8.3 338.5 4.7
1971 74.2 17.1 331.6 4.0
1972 88.1 10.1 379.6 12.4
1973 69.5 7.8 339.7 7.7
1974 130.7 25.8 337.1 30.7
1975 145.3 13.3 429.7 6.6
1976 65.0 0.0 334.7 2.2
1977 45.8 0.0 245.3 1.6
1978 28.4 0.0 634.1 0.4
1979 13.2 0.0 516.0 0.7
1980 41.a 0.0 669.1 22.6
1981 36.6 0.0 514.9 19.1
1982 42.7 0.0 601.4 17.8
1983 24.1 0.0 507.2 9.7
1984 42.8 0.0 503.3 0.6
1985 15.6 0.0 476.5 8.3

Source : Agriculture Canada Databank.
Agriculture Canada, Livestock Market Review (hog data)
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the livestock flow is represented by feeder calves and cattle, and to a

lesser degree by slaughter steers. Shipments of live hogs only

sporadically have reached a sizable level.

Another set of data necessary for the empirical application of the

spatial equilibrium model is tariffs. Table 6 reports the relevant US

tariffs on livestock imports from Canada, while Table 7 reports the

Canadian MFN tariffs, that apply for imports from the US. It seems

clear that the tariff structure between the two countries has never

constituted a major barrier to trade. Tariffs are low, and generally the

same in both directions. The time profile of these tariffs shows two

periods of progressive liberalization, following the agreements of the

Kennedy and Tokyo rounds of multilateral trade negotiations. The only

relevant exception to this picture is represented by the countervailing

duty on US imports of hogs from Canada, imposed in March 1985 and

currently in effect following the confirmation in July 1985. The size

of this duty (4.39 Canadian cents per pound) can already be seen in the

1985 trade figures, with Canadian hog exports to the US declining by 17

million pounds relative to 1984, and the pork exports increasing by 65

million pounds (Table 4).

Of the remaining data relevant to the analysis of price spreads, the

exchange rate between Canada and the US is easily obtained, but

transportation cost data poses serious problems. While one can get

reasonable estimates of current transportation rates for a variety of

products and transportation forms, consistent historical time series are

difficult to assemble. Table 8 illustrates some of the series that we

have gathered. For Canada, railroad rates dating back to 1972 are

available. For the US we have records of a rail freight index since
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ger

Table 6 - U.S. Tariffs on Livestock Imports from Canada

Cattle;

under 200-699 above
200 lbs. lbs. 700 lbs.

(a)

Hogs Sheep &
Lambs

cents per pound   cents/head

(b) (c)

1966 1.5 2.5 1.5 1.0 75
1967 1.5 2.5 1.5 1.0 75
1968 1.5 2.5 1.5 0.9 60
1969 1.5 2.5 1.5 0.8 45
1970 1.5 2.5 1.5 0.7 30
1971 1.5 2.5 1.5 0.6 15
1972 1.5 2.5 1.5 0.5 free
1973 1.5 2.5 1.5 0.5 free
1974 1.5 2.5 1.5 0.5 free
1975 1.5 2.5 1.5 0.5 free
1976 1.5 2.5 1.5 0.5 free
1977 1.5 2.5 1.5 0.5 free
1978 1.5 2.5 1.5 0.5 free
1979 1.5 2.5 1.5 0.5 free
1980 1.3 2.0 1.3 free free
1981 1.1 1.5 1.1 free free
1982 1.0 1.0 1.0 free free
1983 1.0 1.0 1.0 free free
1984 1.0 1.0 1.0 free free
1985 1.0 1.0 1.0 4.39 free
1986 1.0 1.0 1.0 4.39 free

Notes: (a) If above quota of 200,000 head/year, the tariff is
2.5 c/lbs for the period 1966-1979, 2.0 c/lbs for 1980,
and 1.5 c/lbs for 1981.

(b) If above quota of 400,000 head/year, the tariff is
2.5 c/lbs for the period 1966-1979, 2.0 c/lbs for 1980,
and 1.5 c/lbs for 1981.

(c) For 1985 and 1986, 4.39 (Canadian) is the countervailing
duty imposed on 27 March 1985 and confirmed 27 July 1985.

Source: Agriculture Canada, Livestock Market Review, various issues.



22

Table 7 - MFN Canadian Tariffs on Livestock Imports

Cattle Hogs Sheep &
Lambs

---- cents/lbs. $/head

(a) (b

1966 1.5 1.0 ' 2.0
1967 1.5 1.0 2.0
1968 1.5 . 0.9 2.0 .
1969 1.5 0.9 .2.0
1970 1.5 0.5 2.0
1971 1.5 0.5 2.0
1972 1.5 0.5 2.0
1973 1.5 0.5 2.0
1974 1.5 0.5 2.0
1975 1.5 0.5 2.0

1976 1.5 0.5 2.0

1977 1.5 0.5 2.0 '
1978 1.5 0.5 2.0

1979 1.5 0.5 2.0

1980 1.3 free 1.5

1981 1.1 free 1.0

1982 1.0 free 1.0

1983 1.0 free 1.0

1984 1.0 free 1.0

1985 1.0 free 1.0
1986 1.0 free 1.0

Notes: (a) Free from February to September 1973.
(b) In 1969 the tariff was 0.5 from June onward.

Free from February to December 1973.

Source: Agriculture Canada, Livestock Market Review,
various issues.
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1975, and long-haul truck rates since 1980. In the absence of good

transportation rates, we have assumed that transportation costs are

correlated with the private transportation component of the consumer

price index, which reflects the evolution of fuel prices and other

operating expenses. This item of the CPI is reported for both Canada and

US in Table 8, and it is the only one that allows a long time series

perspective.

3.3.2 Direction of price spreads

As was pointed out earlier, the two main impliLations of a spatial

equilibrium model concern the sign and size of spatial price

differences. A first check of the applicability of the spatial

equilibrium model, therefore, can be obtained from an analysis of the

sign of price spreads vis-a-vis the direction of trade. The results of

this analysis are reported in Table 9. For each of the price

differences of interest, Table 9 shows the number of observations

consistent with the predictions of the spatial equilibrium model. An .

observation is defined as consistent if the price difference between the

exporting and importing region is negative, after exchange rates and

custom duties are' accounted for in the calculation of the price

differences. To get an idea

observations, the last column

the seriousness inconsistent,

Table 9 reports a "degree of

violation", which is defined as the highest volume of trade for the

observations which violate the criterion over the highest volume of

trade over the whole observation period. When this coefficient is

small, it signifies that the violations on the sign of price differences

take place in quarters characterized by a level of trade close to the no

trade situation, and are consequently less damaging to the applicability
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Table 9 - Consistency with spatial equilibrium model

period C I V

Slaughter steers EC-US 66 1-86 3 47 36 0.14
78 2-86 3 21 13 0.25

Slaughter cows

Feeder calves

Hogs

WC-US 67 1-86 3 47 32 0.47
81 3-86 3 21 0 0.00

EC-WC 66 1-86 3 83 0 0.00
76 1-86 3 43 0 0.00

EC-US 66 1-86 3 3 80 1.00
77 1-86 3 1 38 1.00

WC-US 67 1-86 3 31 52 0.47
76 1-86 3 25 18 0.57

WC-US 66 1-86 3 52 31 0.55
76 1-86 3 32 11 1.00

EC-WC 66 1-86 3 55 28 1.00
76 1-86 3 23 20 1.00

EC-US 66 1-86 3 29 54 0.05
82 1-86 3 19 0 0.00

WC-US 67 1-86 3 53 26 0.25
80 1-86 3 26 1 0.08

EC-WC 73 1-85 4 48 4 0.10
80 1-85 4 23 1 0.10

Slaughter lambs EC-US 68 1-86 3 64 11 0.33
76 1-86 3 37 6 0.33

Legend : C - number of consistent observations;
I - number of inconsistent observations;
V - degree of violation (see text).
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of the spatial equilibrium conditions.

The results in Table 9 are mixed. For slaughter steers and hogs the

results are broadly consistent with the prediction of the competitive

spatial equilibrium model. This is especially so when the analysis is

carried out on the most recent period characterized by unidirectional

trade flows, and which leaves out the turbulent yeal=s 1973-1975. For

slaughter steers the cleanest results emerge for Western Canada to US

and to Eastern Canada price differences, while for hogs the best results

are for the price differences between Eastern Canada and US, and between

Western Canada and the US. For slaughter cows and feeder calves the

results in Table 9 are somewhat perplexing. A number of observations

violate the consistency check, even for the most recent period, and the

violations are not confined to periods of low trade. This raises the

question of whether the measured prices really refer to the same

commodity and to the same market level in all regions, as required by

the competitive spatial model. Finally, for slaughter lambs the

majority of the observations areconsistent with the •price spread,

although some inconsistent observations exist.

It should be clarified at this point that the prediction checked in

the above analysis is valid only for prices between points that are

actually trading with each other. This is obviously the case for Western

and Eastern Canada, and a reasonable approximation for commodities being

imported in Canada from the US, while it may not be the case for price

spreads of commodities exported to the US, since the reference price in

the US is observed in a surplus region (the midwest). While this point

deserves more thought, for the time being it may absolve some of the

price spreads (in particular those of Western Canada to the US) from
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conforming fully to the predictions of the partial equilibrium model.

This leaves room for a regression analysis of price spreads, even

without a full satisfaction of the direction of price spreads, and to

this the next section is dedicated.

3.3.3. Price linkage equations

For the case of livestock products in the North-American market, the

price linkage equation (9) can be simplified to:

P. = P.E.. + T. + C..E..j 113 j 13 13

P. = (P. - T.)E.. - C..
1 1 13 1

for X.. >0
13

for X..
31

If all the variables entering equations (10) and (11) were known with

certainty, then (10) and (11) would be definitional identities. Given

that transportation costs are difficult to determine with accuracy,

while one can postulate variables that are likely to affect it, the

price linkages above can be rewritten as:

(12)

or:

P. = P° + f. .(Z)
j 1 13

(13) P. = P. - f..(Z)

for X..
Ii

for X.. >0
31

whereP7=PiEis+-Ti ifregioniisimporting,e=(Pi-Ti)Eij if1

region i is exporting, and Z is the vector of variables which define

transfer costs. Given a specification for f(Z), both equation (12) and

(13) could be estimated. It should be noted that each one is well

defined only for a given direction of trade. Under certain restrictive
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assumptions, they could be merged in a single equation with "if"

statements switching the sign of price differences. Alternatively, one

can choose a sample period for which the trade flows do not change sign,

and this is the approach that is followed in the econometric

application. The transfer function f(Z) is specified as a linear

function, that is:

(14) f(Z) = Ek ak Zk + e

where the a's are parameters to be estimated, and e is a -residual random

term. Concerning the choice of the Z variables, an obvious indicator of

transportation costs would be any of the variables reported in Table 8.

The personal transportation component of the CPI in Canada is used here,

since preliminary analysis showed that this indicator gave results

comparable to the other ones, and it is available for a longer time

period. However, this approach does imply that the transportation cost

between two regions is constant at any point in time. An alternative

assumption is that, given a short term rigidity in the supply of

transportation services, the transportation cost will increase with the

quantity traded, which is therefore a natural choice for one of the Z

variables. To account for seasonal effects, seasonal dummies are also

included in the vector Z. Substituting (14) into (12) or (13) gives an

equation which allows the estimation of the a coefficients of the

transfer function. However, to leave some scope for the testing of the

spatial equilibrium model, it is desirable to estimate the more general

model:

(15) P
jt 

= ( P° 
it 

+ E
k 
a Zkt 

+ e
jt

which for f3, = 1 will be fully consistent with the spatial equilibrium
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model.

Equation (15) was estimated for each of the price linkages of

interest. In all cases, the dependent price is the Canadian price when

the right-hand-side price is the US price, and the Toronto price for

East-West price linkages. The US price embodies the relevant custom

duty and the effects of the exchange rate. The price linkage equation

was estimated both with and without the net trade variable, and with and

without the restriction 0 = 1. The net trade variable, when used, is

expressed as Eastern Canada net exports to the US, and Western Canada

net exports to the US and to Eastern Canada.

The estimation results of this stage are reported in Tables 12 to

22. Both ordinary least squares and generalized least squares, assuming

first order serial correlation of the residuals, are reported (GLS

estimates are readily recognized for reporting a value for rho, the

autocorrelation coefficient). In addition to the usual statistics of

interest, for each equation a test of seasonality and a test of

heteroscedasticity was performed. The seasonality test is an F-test of

the hypothesis that the coefficients of the three seasonal dummies are

jointly zero. The heteroscedasticity test is a version of the Breusch-

Pagan test (Judge et al., 1985, pp. 446-447). It is defined as TR2,

where T is the sample size, and R2 is the square of the multiple

regression coefficient of the regression of the squared estimated

residuals on a constant and on the right-hand-side price variable. This

test is asymptotically distributed as a x2 with 1 degree of freedom.

The relevance of this test is in the hypothesis that the variance of

price spreads may increase as the nominal prices increase. Finally, the

period over which each price linkage equation is estimated is selected
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so as to give the most recent period after 1975 for which the relevant

trade flow is uniformly in one direction. Following the discussion in

section 2.2, it should be clear that the trade flow of interest is the

one for the commodity whose prices are spatially related, and that

aggregation with related outputs is not warranted.

Table 10 reports twelve equations pertaining to the Eastern Canada -

US price linkage for slaughter steers. All the equations are estimated

for the period 1978 2 to 1986 3, during which Eastern Canada was always

a net importer. While the goodness of fit of .the unconstrained

equations is reasonably high, as illustrated by the corresponding R2'5

ranging from 0.92 to 0.96, the goodness of fit of the constrained

equations, which displays the ability of the remaining variables to

explain price differences, is acceptable only for the equations with the

net trade variable. In all cases transportation costs do not seem to be

relevant, while the net trade variable is very significant when used.

The coefficient of the price variable is not significantly different

from one when the net trade variable is used. In the OLS estimates, the

Durbin-Watson statistics do not indicate the presence of serial

correlation, and in fact the GLS estimates display low values for the

autocorrelation coefficient. For all the equations, there is no

indication of seasonal effects or heteroscedasticity.

Table 11 reports the estimated price linkage equations for slaughter

cows between Eastern Canada and the US. The estimation period is 1977 1

to 1986 3, during which Eastern Canada was a net exporter of slaughter

cows to the US. The fit is very good for the unconstrained equations

(R2 of 0.99 for all of them), while it is very low when the price

coefficient is constrained to .one. The price coefficient is always
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significantly greater than one, which was to be expected given the type

of inconsistency reported in Table 9. Neither the transportation cost

variable nor the net trade variable display any significant impact.

Some serial correlation seems to be present in the equations with the

constrained price coefficient, while there is no indication of

heteroscedasticity. The hypothesis of no seasonal effects can be

rejected for equatons a and f at the 5% probability level.

Table 12 reports price linkage equations between Eastern Canada and

the US for hogs. Eastern Canada has always been a net exporter of hogs

to the United States due to health regulations inhibiting imports of

live hogs, but only since 1982 have these exports reached a sizable

level (Table 4). Thus, the estimation period is chosen to be be 1982 1

to 1986 3. In all estimates the transportation variable has the correct

sign, but it is significant only in the OLS equations without the net

trade variable. The coefficient of the net trade variable is always

significant, and the attached negative sign indicates higher price

spreads associated with larger volumes of trade. Although always below

one, the coefficient of the price variable is not significantly

different from one at the 5 percent probability level. The R2 is good

for both the unconstrained and the constrained equations, especially

when the net trade variable is used. The DW statistics suggest the

presence of autocorrelation in the estimated residuals, although the

problem appears less serious for the equations containing the net trade

variable. The BP test gives no indication of heteroscedasticity, and the

hypothesis of no seasonal effects cannot be rejected in any of the

estimated equations.
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4

Table 13 reports the estimated equations for the price linkage of

slaughter lambs between Eastern Canada and US. Eastern Canada has

always been in a net importing situation, and the estimation period is
•

1976 1 to 1986 3. The goodnes of fit is reasonably high for the

unconstrained equations, and satisfactory when the constraint 13 = 1 is

imposed. The transportation cost variable is sgnificant in all

equations (except equation h), and with the correct sign. The

coefficient of the price variable is not different from one only when

the net trade variable is omitted, and similarly the net trade variable

has a significant impact only when the price coefficient is not

constrained to one. The DW statistics do not suggest the presence of

any serious serial correlation in the residuals. There is a strong

seasonal effect in the price spread, and heteroscedasiticity is present

in all unconstrained equations, but not in the constrained ones.

Table 14 reports' the estimation results for the price linkage

equations of slaughter steers and bulls between Western Canada and the

US. The estimation period is 1981 3 to 1986 3, for which Western Canada

has been a net exporter. The goodness of fit is not too high for the

unrestricted equations, the R2 ranging from 0.87 to 0.90, although it is

satisfactory for the restricted equations with the net trade variable.

The net trade variable is always significant, and the negative sign

indicates higher- price spreads associated with larger volumes of trade.

The transportation variable does not have a significant impact, and the

coefficient of the US price is in all cases significantly less than one.

The DW test does not indicate the presence of autocorrelation in the

residuals, especially for the equations with the net trade variable. The

Breush-Pagan test shows that heteroscedasticity is not a problem, and
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the hypothesis of no seasonal effects is not rejected in any equation.

Table 15 contains the estimated parameters of the price linkage

equations of slaughter bulls and cows between Western Canada and the US

The period since 1976, for which Western Canada has been a consistent

net exporter to the US, has been used for estimation. The equations

estimated give very satisfactory results. The transportation cost

variable is always very significant and with the correct negative sign,

the price coefficient is not different from one, there is no serious

indication of serial correlation of the residuals, and the goodness of

fit is very high (0.99 for the unconstrained equations, and ranging from

0.45 to 0.55 for the constrained ones). When included the net trade

variable shows a significant effect, with the implication that higher

volumes of trade are associated with larger price spreads.

Homoscedasticity is.rejected only for equation a, while a significant

seasonal effect is present only in the equations without the net trade

variable.

The estimated price linkage equations for the price of feeder calves

between Western Canada and the US is reported in Table 16. The

estimation period is 1976 1 to 1986 3, for which Western Canada has

consistently been a net exporter. The fit of the equations is

reasonably good for both restricted and unrestricted equations,

especially in the GLS estimation. The transportation variable has the

correct negative sign, and displays a significant impact mostly in the

OLS estimates. There is indication of serial correlation in the

residuals, heteroscedasticity and strong seasonality in the price

spread. The coefficient of the US price is lower than one, but the

hypothesis of it being one cannot be rejected for any equation at the 5%
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probability level.

Table 17 reports the estimated price linkage equations for hog

prices between Western Canada and the US. These equations are estimated

over the period 1980 1 to 1986 3, during which net exports are sizable.

The goodnes of fit is reasonably high for both constrained and

unconstrained equations. The trade variable has a significant effect,

with a higher price spread associated with larger volumes of trade. The

transportation cost variable is also always significant, and with the

correct sign. The coefficient of the price variable is not significantly

different from one. Serial correlation seems to be a problem only for

the equations without the net trade variable, which suggests that

omitting this variable introduces functional misspecification. The

hypothesis of homoscedasticity is never rejected, and there is no

indication of seasonal effects on price spreads.

The price linkage between Western and Eastern Canada for slaughter

steers and heifers gives the best results of the estimated equations,

and these are reported in Table 18. The estimation period is 1976 1 to

1986 3, and the trade flow for this period is consistently from west to

east. Given that the dependent variable in these equations is the

Toronto price, the positive sign of the transportation variable is the

expected one, and its estimated coeffient is always significant. The

coefficients on the Western price are not different from one, and there

is no sizable serial correlation in the residuals. Again, the trade

variable when used is very significant, and given that net trade is now

defined as Western net exports to Estern Canada, its positive sign means

that higher exports are associated with larger price spreads, a pattern

observed in all other price linkage equations. The goodness of fit is
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very good (although the 1.00 reported in the Table 18 really results

from rounding), with the R2 of the restricted models being as high as

0.82. The hypoyhesis of homoscedasticity is never rejected, but the

seasonality test shows a seasonal patterns in this price spread.

The price linkage equations for feeder calves between Western and

Eastern Canada are reported in Table 19. The estimating period is again

1976 1 to 1986 3, and the direction of trade is consistently from

Western to Eastern Canada. The estimated equations fit the data well,

with an R2 of 0.99 for the unrestricted models, and as high as 0.67 for

the restricted ones. The coefficient of the price variable is

significantly different from one in all cases. For this reason, the

restricted versions of the equations are not very meaningful, and are

characterized by poor fit (in the OLS estimation), insignificant

transportation cost parameters, and serial correlation in the residuals.

When this type of misspecification is avoided, the transportation cost

variable is very significant, while the net trade variable is not.

Heteroscedasticity only appears in the restricted GLS equations, while

all the equations display a strong seasonal pattern.

Finally, Table 20 reports the estimated equations between Western

and Eastern Canada hog prices for the period 1979 2 to 1985 4, for which

the trade flow has been consistently from west to east. The fit of the

estimated equations is good for the unrestricted model, while it leaves

something to be desired when the coefficient of the price variable is

constrained to one. Although the coefficient of the price variable is

always less than one, the hypothesis of it being equal to one cannot be

rejected at the 5% probability level. Both the transportation variable

and the net trade variable have only a moderately significant impact,
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and serial correlation of the residuals is present in all the equations.

There is no indication of heteroscedasticity (except in the GLS

equations without the trade variable), and no apparent seasonal

component in the price spread.

3.4. Summary of econometric results

Some generalizations appear justified based on the foregoing

analysis. First, the predictive power of the estimated equation is in

general satisfactory, as the R2 of unrestricted equation is always above

0.90. Second, the predictive ability of price differences (models with

the price coefficients restricted to one) is very different from case to

case. In some case this may be due to the fact that the restriction of

unity on the price coefficent is not acceptable based on the estimation

results. Also, it should be kept in mind that the R2 of the restricted

equations measures the explanatory power of variables other than the

right-hand-side price. If this price explains a lot, a low R2 of the

unrestricted equation does not necessarily imply poor predictive ability

for the model. Third, seasonality does not appear to have a significant

influence on the estimated price relationships, except for the case of

lambs and feeder calves. Heteroscedasticity is not a problem, and

serial correlation reaches serious levels in only a few cases. Finally,

in virtually all cases the size of price spreads is significantly

related to the volume of trade flows. While this can be explained by an

upward sloping supply of transportation services, the endogeneity of the

net trade variable within a larger model may suggest some simultaneous

equation bias in our estimates. It should be pointed cut, however, that

the implementation of a ,correct estimation procedure under this

assumption, such as 2SLS or IV, is problematic without the specification
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of a full model, and that the loss of efficiency of these estimators may

hinder the predictive accuracy of the equations.

Based on the above, Table 21 offers some summary results for the OLS

estimates of the unrestricted equations with the trade variable. The

predictive accuracy of the model can be evaluated from the squared

multiple correlation coeffient (R2), and from the mean absolute error

(mae), which is evaluated for the whole estimation period for each

equation, and for the quarters starting from 1984 1. In each case, the

mean of the left-hand-side price (in Canadian dollars) is reported for

comparison. The best predictive ability is displayed by the slaughter

steer and slaughter cow equations, whereas larger predictive errors are

associated with the feeder calf and slaughter lamb equations. The size

of the error seems to be greater in the last period, although the

Breusch-Pagan test,.performed assuming that the error variance can be

explained by time (and reported in the last column of Table 21), does

not indicate significant heteroscedasticity. The predictive accuracy of

these equations is also illustrated by the plots of observed and fitted

price spreads reported in Appendix C. Whether errors of this size are

tolerable in empirical applications is an open question. Obtaining

better results may be a difficult task, however, given the care that was

taken in specifying the models and choosing an appropriate estimation

period.

Concerning the reliability of the above estimates, some light may be

shed by the Chow tests reported in Table 21. These are structural change

tests which are performed by breaking the sample in the middle, and

testing whether the coefficient vector (or subsets of it) is

significantly different between the two subperiods. This leads to a
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test based on the F-distribution (Johnston, 1984, p. 508) which can

prove useful for testing the stability of econometric estimates

(Moschini and Meilke, 1984). The significance levels reported in Table

21 suggest that stability problems exist for the coefficients in the

price linkage equations for: slaughter steers between Eastern and

Western Canada; slaughter cows between Eastern Canada and the US, feeder

calves between Western Canada and the US; and, hogs between Western

Canada and Eastern Canada. This finding is troublesome, especially

given the fact that the estimation period is in all cases rather short

and therefore more likely to represent a stable data generating process.

4. Spatial models for the North-American livestock market

The main objective of this section is to construct a simple three-

region spatial equilibrium model for slaughter steers and heifers, and

hogs. Before doing that, however, a brief review of the applications of

spatial equilibrium models is in order.

4.1. Modeling applications of the competitive statial equilibrium model

Samuelson (1952) first showed that the maximization of social pay-

off, defined as consumer surplus of all countries plus producer surplus

of all countries, will produce the competitive spatial equilibrium

solution described in section 4. The usefulness of this result for

empirical applications was underscored by Takayama and Judge (1964), who

showed that, given linear demand and supply functions in each country

and a matrix of transportations costs, Samuelson's problem involves the

maximization of a quadratic objective function subject to a set of

linear constraints. This led to a number of empirical applications of

a
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this framework in agricultural economics, an example of which is Pieri,

Meilke, and MacAulay's (1977) North American-Japanese pork trade model.

In this approach, linear demand and supply functions for each country

are estimated econometrically. Once these functions are known, with all

non-price variables evaluated at the reference time period and collapsed

into the intercept, the spatial price configuration is solved by

quadratic programming techniques. In addition to transportation costs,

these models can easily incorporate the effects of tariffs and quota

restrictions. A distinct feature of these normative spatial equilibrium

models is that they solve for a matrix of trade flows.

Another class of trade models is that of non-spatial trade

equilibrium models. Thompson (1981) describes three main versions of

this kind of model, which differ in the way the price linkage conditions

are specified. In general, transportation costs are not explicitly

introduced in the model, but implicitly estimated. Domestic prices in

each of the (N-1) regions can be linked to that of the N
th
 region, and

this last price is solved by the world demand and supply identity

(Griffith and Meilke, 1982). Alternatively, domestic prices can be

linked pairwise along the principal trade flow routes, as in the USDA's

GOL model (Rojko et al., 1978). If one is interested in solving for the

net trade position of the regions, without explicitly retrieving

bilateral trade flows, only (N-1) price linkages are necessary. This has

been the rule in most modeling efforts, and has prompted Thompson to

claim that this class of models cannot provide any information on the

souce-destination of trade flows. This claim is incorrect. By including

N(N-1)/2 price linkage equations, the model allows for the solution of

allthe bilateraltradeflows)X. .). The real problem
13 31 13-
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with econometric spatial equilibrium models concerns their ability to

satisfy the requirements of the competitive spatial equilibrium model.

To be fully consistent, the price linkage equations should be introduced

as conditional identities, such that the linkage would hold for positive

trade flows only. This would force the number of non-zero trade flows to

equal at most (N-1) out of the possible N(N-1)/2. The problem with this

is that the solution technique cannot be simple matrix inversion (if the

equations are linear), but would require an algorithm able to find the

fixed point of the solution set, such as the one developed by MacKinnon

(1975), which virtually reduces the model. to a normative spatial

equilibrium model. The introduction of price linkages as continuous

functions, either identities or estimated relationships, allows the

system to be solved by matrix inversion, or by Newton-Raphson techniques

(if non-linear).

The above discussion makes it clear that normative spatial

equilibrium models, of which quadratic programming models have been the

most commonly applied, are better suited to satisfy the competitive

spatial equilibrium conditions. Also, most policies affecting trade,

including import quotas, can be introduced very easily in this type of

model. The limitation of linear demands and supplies of quadratic

programming can be overcome by the current availability of nonlinear

programming techniques (Fox, 1986). However, it has been observed that

normative spatial equilibrium models do not explain real world trade

flows very well, yielding much more specialized trade patterns than

those observed in reality (Thompson, 1981). The information requirements

of these models is also fairly high, and the results are very sensitive

to transportation cost data which is difficult to determine with
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•

accuracy. Finally, the strict adherence of the models to the

competitive equilibrium conditions may turn out to be a questionable

advantage, as these conditions may be violated to some degree in

reality.

Econometric spatial equilibrium models are not fully consistent with

the conditions of the competitive spatial equilibrium model, but they

are somewhat simpler to solve. The effects of tariffs can be introduced

easily, although quantitative restrictions are particularly difficult to

handle. Transport costs may be used or, if not available, they can be

implicitly estimated in the price linkage equations. Indeed, estimating

the price linkage equations rather than introducing them as identities

makes these equations catch-all instruments, which can explain virtually

any observed spatial price configuration. This distinct flexibility of

econometric spatial equilibrium models is however ambiguous, and it is

not always clear what kind of departures from the competitive conditions

are accounted for in this fashion.

4.2. An empirical application of normative models

In this section, a simple implementation of normative spatial

equilibrium models is presented. The application explicitly considers

three regions: Western Canada, Eastern Canada, and the United States.

While the discussion in section 2.2 suggests that there is some scope

for considering vertically related markets simultaneously, for

simplicity one product at a time will be considered. As the theoretical

review has made clear, the product must be homogeneous, and the

quantities considered must closely reflect the price of interest. For

these reasons, we choose to model the market for slaughter steers and
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heifers in the beef sector, and the market for hogs in the pork sector.

For each region the supply is assumed pre-determined, and therefore

completly inelastic, while the demand function is assumed to be of the

form:

13Q = a P

where 0. is the constant elasticity of demand, and a is a constant to be

determined at the calibration stage. More details are provided for each

case below.

4.2.1. A spatial model for slaughter steers and heifers

The results of the spatial equilibrium exercise for slaughter steers

and heifers is reported in Table 22. For each region, the first row (row

a) reports the actual data observed in 1984, which is choosen to be the

benchmark data set. Demand is defined as the carcass weight equivalent

of total marketings in each region, since this gives the amount of

livestock slaughtered in each region. Thus, in 1984 we had 924.2

millions pounds slaughtered in Western Canada, 511.7 in Eastern Canada,

and 17,497.1 in the United States. The average price observed in 1984

was (in C$/cwt, with the average exchange rate of C$ 1 = US$ 0.772):

75.63 in Western Canada, 85.28 in Eastern Canada, and 84.64 in the

United States. Transportation costs between the two Canadian regions

can be deduced from Table 8. In 1984, the average rail rate for a single

deck livestock shipment from Calgary to Toronto was $ 2097 per car.

Since one can fit about 40,000 lbs of live weight in each car, a good

approximation for transport costs is 10 $/cwt of carcass weight. There

is not as good information for transport costs between the two Canadian

regions and the US. Based on the transport cost between EC and WC, and
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the spatial price differences observed in 1984, we assume that the

transportation cost between Canada and the US is 8 C$/cwt, to which one

has to add the 1 US$/cwt tariff.

Given this data, the model was calibrated (by chosing the a

coefficients of the demand functions) so as to replicate exactly the

demand, supply, and total trade flow in each region, and the price in

the US region. The calibration exercise can be carried out for any

value of the demand elasticity. Given that we are considering a short-

run adjustment model with fixed supply, a reasonably inelastic derived

demand elasticity seems appropriate. Thus, a value of -0.4 for the

coefficient D is assumed for every region. It should be noted that,

since a competitive spatial equilibrium model with three regions admits

at most two trade flows, the observed trade flows in 1984 cannot be

generated by the model, although total net trade for each region is

replicated exactly. Also, since transportation costs have been assumed

a priori, we can only replicate exactly the equilibrium price in one

region, which is chosen to be the largest one (the United States).

With the above assumptions, the model was solved using the

generalized transportation problem (GTP) algorithm coded by F.D. Holland

(1985) for a microcomputer with a math co-processor. This procedure

allows non-linear demand functions of the form assumed, and belongs to

the class of fixed-point algorithms. The benchmark solution is reported

in row b, for each region, in Table 22. The trade flows generated by

the model imply that Western Canada is a net exporter to both the other

regions. A feature of the solution set is that the prices of two

trading regions will differ by exactly the transportation cost and the

tariff amount. Thus the price difference generated between Western and
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Eastern Canada is $ 10 (compared to an observed difference of $ 9.65),

and the price difference between Western Canada and the US is $ 9.29

(compared with an observed $ 9.01). On the other hand, the price

difference between two non-trading regions will be bounded by plus and

minus transport costs and tariffs, but no exact prediction is possible.

The model generates a difference of $ 0.70 between Eastern Canada and

the US, which is very close to the observed difference of $ 0.64. Thus,

despite a trade flow of 10.9 millions pounds observed between Eastern

Canada and the United States in 1984, the price difference observed was

very close to the one implied by a more specialized pattern of trade.

In addition to the values observed and those of the benchmark

solution, Table 22 reports the results of three experiments. The first

one postulates an increase of C$ 2 in transport costs between Western

Canada and the US, . and these results are reported in row t for each

region. As a result of this, the price difference between Western

Canada and the US increases by exactly this amount. Given that Western

Canada is very small compared to the US, most of the price change is

experienced by Western Canada. Given that the prices in Western and

Eastern Canada are still related by exactly the same transportation

costs, the price in Eastern Canada is depressed by exactly the same

amount as in Western Canada ($ 1.83). It follows that in this case the

price difference between the two non-trading regions has changed, even

if the transport cost between the two has not. This result is possibly

of wider interest for understanding the price differences between Canada

and the US. For products being exported to the US, what we are observing

are in fact price differences between two surplus regions which are not

trading with each other. Thus, for instance, changing transfer costs
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between the US midwest and the US deficit regions may affect the price

difference between Canada and the US midwest price even if the transfer

costs between these two regions are kept constant.

Rows s in Table 22 report the result of a US supply shock. The

increase in US supply of 4% represents what is required to make the US

self-sufficient in slaughter steers and heifers. Under this scenario,

the price in both Canadian regions drops by $ 6.94 from the benchmark

solution, while the US price drops by $ 7.31 . The demand shock

experiment (row d in Table 22) postulates and increse of 5% in the a

coefficient of US demand. This scenario raises prices in all regions by

$ 10.07, with a large increase in Western Canada exports towards the US,

and a decrese in Eastern Canada imports. These large price changes are

clearly the result of the assumed complete rigidity of supply in all

regions.

4.2.2. A spatial model for hogs

While in the spatial equilibrium model for slaughter steers and

heifers we have assumed constant transportation costs between any two

regions, the .econometric results reported in part two of this study

strongly support the hypothesis of transportation costs increasing with

quantity traded. Thus, in this section the the assumption of constant

transportation costs is relaxed. To do so we assume that transportation

costs are implicitly estimated by the restricted OLS estimates reported

in Tables 14, 19,and 22, which illustrates another possible use for the

econometric estimates of price linkage equations. Equation d in Table

12, when evaluated at the 1984 mean values, yields the following

transfer cost function for Eastern Canada exports to the US:
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(16) t
24 

= 4.6010 + 0.1906 
X24

where t
24 

is the transfer cost, and X
24 

is the quarterly net trade

between Eastern Canada and theUS. If we evaluate this expression for

the average quarterly export level in 1984, then we have t
24 

= 8.80 .

Similarly, from equation d in Table 17 we get the transfer function:

(17) t
14 

= 4.7069 + 0.3105 X
14

which, when evaluated at the value of average quarterly trade in 1984,

gives t
14 

= 12.36 as the estimated transportation cost between Western

Canada and the US. Similarly, one could derive a transportation cost

between Eastern Canada and Western Canada from the results in Table 20.

However, since it is clear that the trade flows of the model will imply

zero trade in hogs between Eastern and Western Canada, without loss of

generality it can be assumed that the transportation cost between

Eastern and Western Canada is the same constant (10 $/cwt) used for

slaughter steers and heifers. In this case, the derived demand for hogs

is assumed to have a constant elasticity of -0.5 in all regions. Given

the above assumptions, the model was calibrated to replicate the supply,

demand, and total trade flows in each region, and the price in the US

region. The results of this exercise are reported in Table 23 (for

Western Canada), Table 24 (for Eastern Canada), and Table 25 (for the

US). The values in row a in these tables report the values observed in

1984, while row b reports the benchmark simulation results for 1984. It

can be seen that the benchmark solution overestimates the price by

almost a dollar in Western Canada, and by 55 cents in Eastern Canada.

Three experiments are carried out for comparison with the benchmark

solution: the US supply is increased by 3%, the constant in the US
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demand equation is increased by 3%, and the US introduces the

countervailing duty of C$ 4.39. These three experiments are evaluated

both assuming that the transportation cost is constant, and that the

transportation cost is a function of quantity traded as described in

(16) and (17). None.of these experiments changes the benchmark solution

for the direction of trade flows, which implies Eastern and Western

Canada both export to the US. The effect of US supply increasing is to

depress prices in all three regions, while US demand increasing raises

the prices in all regions. However, the implications are slightly

different if varying transportation costs are assumed, as price

variations in Western and Eastern Canada are dampened in either

direction, while US price variation is increased. Thus, with variable

transportation costs only part of the variability originating in the US

market is transmitted to the Canadian market. '

Of some interest is the analysis of the effects of the

countervailing duty of 4.39 C$/cwt imposed by the United States in 1985.

Under constant transportation costs, the price in both Eastern and

Western Canada declines by C$ 3.82, while it is increased by C$ 0.57 in

the US. If transfer costs are allowed to vary with trade, the hog price

declines by only C$ 2.77 in Eastern Canada, and by C$ 3.02 n Western

Canada, while it increases by C$ 0.42 in the US. Again it is

interesting to note that the price differences between two non-trading

regions (in this case Eastern and Western Canada) do not change, under

the various experiments, if all transportation costs are assumed

constant. However, if transfer costs between trading regions depend

partly on bilateral trade flows, as exogenous shocks affect trade flows

they will also affect the end value of the transfer costs, and thus
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affect the price difference between non-trading regions in a manner

already illustrated in the case of slaughter steers.

5. Conclusions

Predicting the price of livestock in Canada given the price in the

US is crucial to the econometric efforts of Agriculture Canada. The

first part of this report has illustrated the behaviour of spatial price

spreads in the North-American livestock sector. The first impression is

that of increased size and Variability of price spreads, especially when

the post-1975 data are compared to the pre-1973 data. When price

differences are analyzed within a theoretically consistent model,

however, and the analysis is concentraded over a period of monotonic

trade flows in a resonably recent period, the results of section three

indicate that the estimated econometric models can account for a large

portion of observed price variability. The reasonable predictive

accuracy of the estimated price linkage equations, and the lack of

heteroscedasticity in the estimated residuals, suggest that these

equations can provide satisfactory results for forecasting and policy

analysis. The simulation exercises reported in section four clarify the

main feature of the competitive spatial equilibrium model, emphasize the

fact that price differences between two region that do not trade

directly can display great variability, and show some of the effects of

having transportation costs dependent on the volume of trade flows.

The results of both the econometric analysis in section three, and

the simulation analysis in section four, should be evaluated in the

light of the competitive spatial equilibrium assumptions. Trade flows
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and spatial price differences are obviously affected if any of the

assumptions of the competitive model are violated. A violation which

has received some attention in empirical applications is that of product

homogeneity. If the elasticity of substitution between domestically

produced goods and imported goods, or between imported goods from

different sources, is less than infinity, then the imported good should

have its own demand, and spatial Price differentials will reflect this

preference bias. While livestock products, such as those analyzed in

this study, may appear to belong to a fairly homogeneous lot, the

departure from one of the price coefficient of the price linkage

equations, especially for feeder calves and slaughter cows, provides

some evidence of product differentiation. A class of models that can

accomodate this possibility is that of Armington's (1969)

differentiation by country of origin. These models can generate trade

flows between all pairs of trading countries, and yield the competitive

spatial equilibrium solution as a special case, and may provide a

possible avenue to model the North-American livestock market.

The static nature of the competitive spatial equilibrium solution is

also likely to be too strong an assumption in empirical models based on

time series data, especially when the frequency of the data is quarterly

or monthly. The econometric spatial equilibrium model can accomodate

this problem with a dynamic specification of the price linkage

equations. However, some analysis conducted along these lines, but not

reported in this study, provides little evidence of dynamic adjustment

in the price linkage equations.

Even when the assumptions of the competitive spatial equilibrium

model are satisfied in reality, empirical applications of it may still
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be found to be wanting because of aggregation problems. Three types of

aggregation should be considered: aggregation across commodities,

aggregation across space, and aggregation through time. Aggregation

across commodities is typically justified by degrees of freedom

arguments, and by the fact that disaggregated data is difficult to

assemble. Since the specialization induced by free trade may occur

within rather than between commodity groups, as the growing literature

on intra-industry trade indicates (Tharakan, 1983), it is clear that

analysis of commodity aggregates may give misleading results. In our

analysis we have avoided aggregation as much as ,allowed by the data

base. Still some aggregation is present, for instance by pooling feeder

calves and feeder cattle, slaughter steers and heifers, or light hogs

and sows. While something may be gained by a greater degree of

specificity, it is clear that for the model to maintain some relevance

for applied econometric modeling some aggregation is required.

Aggregation across space occurs when several geographical locations are

aggregated into a single region for the purpose of empirical analysis.

The raises the possibility, already mentioned in this study, that prices

of two regions that are not really trading with each other are compared.

A more realistic model would decompose the US into several regions, and

the relevant price to be linked to the Canadian price would be the price

of a region directly trading with Canada. Finally, aggregation through

time occurs because we are comparing average prices for a certain

period, say a quarter, which in principle could be characterized by very

uneven price differentials and trade flows. While monthly and weekly

data can lessen the inerent time aggregation bias of quarterly or annual

data, the dynamic adjustment problem in this case will likely become

more serious.
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APPENDIX A - PRICES AND PRICE SPREADS IN THE LIVESTOCK SECTOR

Figure Al - Price of slaughter steers in Toronto, Calgary, and US

Figure A2 - Price of slaughter cows in Toronto, Calgary, and US

Figure A3 - Price of feeder calves in Toronto, Calgary, and US
4

Figure A4 Price of hogs in Toronto, Edmonton, and US

Figure A5 Price of slaughter lambs in Toronto and US

Figure A6 - Toronto-Omaha and Calgary-Omaha price differences
for slaughter steers

Figure A7 - Toronto-Calgary price differences for slaughter steers

Figure A8 - Toronto-Omaha and Calgary-Omaha price differences
for slaughter cows

Figure A9 - Toronto-Calgary price differences for slaughter cows

Figure A10 - Toronto-US and Calgary-US price differences
for feeder calves

Figure All - Toronto-Calgary price differences for feeder calves

Figure Al2 - Toronto-US and Edmonton-US price differences
for hogs

Figure Al3 - Toronto-Edmonton price differences for hogs

Figure Al4 - Toronto-US price differences for slaughter lambs
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APPENDIX B - PRICE DIFFERENCE LEVELS AND VARIABILITY

Table B1 - Price differences for slaughter steers

Table B2 - Price differences for slaughter tows

Table B3 - Price differences for feeder calves

Table B4 - Price differences for hogs

Table B5 - Price differences for slaughter lambs



84

TABLE Bl - PRICE DIFFERENCES FOR SLAUGHTER STEERS

TORONTO - OMAHA

•••••   =a= = .••••••=::

obs mean var cv

66 1 - 70 4.....  20. 0.17 2.02 12.03

71 1 - 75 4  20. 3.32 15.88 4.78

76 1 - 80 4  20. 2.18 2.89 1.33

81 1 - 86 3  23. 1.81 3.7 2.05

66 1 - 86 3  83. 1.87 7.05 3.78

mean equality test 5.65
probability F(3,79) 0.00

variance equality test.. 24.76

probability CHI(3)  0.

CALGARY - OMAHA

66 1 - 70 4  20. -1.71 1.63 0.95

71 1 - 75 4  20. 1.06 16.18 15.29

76 1 - 80 4  20. -1.85 4.7 2.55

81 1 - 86 3  23. -5.94 7.79 1.31

66 1 - 86 3  83. -2.25 13.91 6.19

mean equality test 23.80
probability F(3,79) 0.00

variance equality test 
probability CHI (3) 

TORONTO - CALGARY

19.97
0.

66 1 - 70 4  20. 1.88 0.23 0.12

71 1 - 75 4  20. 2.26 1.37 0.61

76 1 - 80 4  20. 4.02 1.42 0.35

81 1 - 86 3  23. 7.75 4.61 0.59

66 1 - 86 3  83. 4.11 7.7 1.87

mean equality test
probability F(3,79)

variance equality test 
probability CHI (3) 

78.82
0.00

39.2
0.
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TABLE B2 - PRICE DIFFERENCES FOR SLAUGHTER COWS

=

TORONTO - OMAHA

==-=

obs mean var cv

67 1 - 70 4  16. 1.03 0.8 0.78
71 1 - 75 4  20. 2.13 2.79 1.31
76 1 - 80 4  20. 1.25 2.02 1.61
81 1 - 86 3  23. 1.71 2. 1.17

67 1 - 86 3  79. 1.56 2.06 1.32

mean equality test 2.27
probability F(3,75) 0.09

variance equality test 
probability CHI (3) 

CALGARY - OMAHA

7.34
0.06

67 1 - 70 4  16. -0.27 0.53 1.98
71 1 - 75 4  20. 1.22 3.79 3.11
76 1 - 80 4  20. -0.97 1.7 1.76
81 1 - 86 3  23. -2.34 3.02 1.29

67 1 - 86 3  79. -0.67 4.09 6.08

mean equality test 19.58
probability F(3,75) 0.00

variance equality test 
probability CHI (3) 

TORONTO - CALGARY

15.95
0.

66 1 - 70 4  20. 1.38 0.32 0.23
71 1 - .75 4  20. 0.91 0.32 0.35
76 1 - 80 4  20. 2.22 2.98 1.35
81 1 - 86 3  23. 4.05 2.35 0.58

66 1 - 86 3  83. 2.21 3. 1.36

mean equality test
probability F(3,79)

variance equality test 
probability CHI (3) 

27.41
0.00

40.52
0.
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TABLE B3 - PRICE DIFFERENCES FOR FEEDER CALVES

obs mean var cv

TORONTO - KANSAS CITY

66 1 - 70 4  20. -1.75 3.79 2.17

71 1 - 75 4  20. 1.94 24.83 12.78

76 1 - 80 4  20. -7.6 44.31 5.83

81 1 - 86 3  23. -4.47 16.6 3.71

66 1 - 86 3  83. -3.02 33.47 11.07

mean equality test 14.94

probability F(3,79) 0.00

variance equality test 

probability CHI (3) 

CALGARY - KANSAS CITY

17.04
0.

66 1 - 70 4  20. -2.34 7.24 3.1

71 1 - 75 4  20. -0.13 29.87 230.06

76 1 - 80 4  20. -4.63 14. 3.02

81 1 - 86 3  23. -5.37 24.28 4.52

66 1 - 86 3  83. -3.2 22.66 7.08

mean equality test 6.18

probability F(3,79) 0.00

variance equality test 
probability CHI(3) 

TORONTO - CALGARY

2.96
0.4

66 1 - 70 4  20. 0.59 2.92 4.96

71 1 - 75 4  20. 2.07 5.1 2.46

761 - 80 4  20. -2.97 35.87 12.08

81 1 - 86 3  23. 0.9 5.37 5.96

66 1 - 86 3  83. 0.18 15.09 85.74

mean equality test 7.89

probability F(3,79) 0.00

variance equality test 
probability CHI (3) 

35.62
0.
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TABLE B4 - PRICE DIFFERENCES FOR HOGS

obs mean var cv

TORONTO - U.S. 7-mkts

66 1 - 70 4  20. 2.29 4.55 1.99
71 1 - 75 4  20. 2.85 6.1 2.15
76 1 - 80 4  20. 1.48 24.32 16.48
81 1 - 86 3  23. -6.64 22.69 3.42

66 1 - 86 3  83. -0.25 30.27 122.97

mean equality test 29.82
probability F(3,79) 0.00

variance equality test 
probability CHI(3) 

EDMONTON - U.S. 7-mkts

13.92
0.

66 1 - 70 4  20. -1.12 4.3 3.84
71 1 - 75 4  20. -1.29 5.27 4.1
76 1 - 80 4  20. -0.21 12.83 59.88
81 1 - 86 3.  23. -9.19 30.7 3.34

66 1 - 86 3  83. -3.18 27.6 8.69

mean equality test 27.95
probability F(3,79) 0.00

variance equality test 
probability CHI(3) 

TORONTO - EDMONTON

19.26
0.

66 1 - 70 4  20. 3.41 0.5 0.15
71 1 - 75 4  20. 4.13 1.22 0.29
76 1 - 80 4  20. 1.69 7.4 4.37
81 1 - 86 3  23. 2.55 2.17 0.85

66 1 - 86 3  83. 2.93 3.52 1.2

mean equality test 8.05
probability F(3,79) 0.00

variance equality test 
probability CHI(3) 

36.51
0.
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TABLE B5 - PRICE DIFFERENCES FOR SLAUGHTER LAMBS

obs mean var cv

TORONTO - SAN ANGELO

68 1 - 71 4  16. 3.69 7.63 2.07

72 1 - 76 4  20. 8.24 20.74 2.52

77 1 - 81 4  20. 6.59 18.17 2.76

82 1 - 86 3  19. 8.36 43.53 5.21

681 - 86 3  75. 6.86 25.42 3.71

mean equality test
probability F(3,71)

variance equality test...

probability CHI(3).. .... .

3.52
0.02

3.69
0.3
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APPENDIX C - ACTUAL AND FITTED VALUES FOR PRICE SPREADS

Figure Cl - Toronto - US slaughter steer price spread

Figure C2 - Calgary - US slaughter steer price spread

Figure C3 - Toronto - Calgary slaughter steer price spread

Figure C4 - Toronto - US slaughter cow price spread

Figure C5 - Calgary - US slaughter cow price spread

Figure C6 Calgary - US feeder calf price spread

Figure C7 Toronto - Calgary feeder calf price spread

Figure C8 Toronto - US hog price spread

Figure C9 - Edmonton - US hog price spread

Figure C10 - Toronto - Edmonton hog price spread

Figure C11 - Toronto - US slaughter lamb price spread
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Table N10 - Composition of Western Canada Pork Import from the U.S.

relative proportion of
total

fresh fresh & cured canned imports
ham frozen pork pork (mill lbs)

pork

1967 0.15 0.83 0.02 0.00 5.2
1968 0.16 0.83 0.00 0.00 8.6
1969 0.33 0.66 0.00 0.00 13.2
1970 0.52 0.47 0.01 0.00 3.0
1971 0.41 0.51 0.07 0.01 0.5
1972 0.19 0.79 0.02 0.00 5.6
1973 0.15 0.84 0.01 0.00 9.5
1974 0.11 0.87 0.02' 0.00 19.0
1975 0.17 0.81 0.02 0.00 30.0
1976 0.15 0.83 0.02 0.00 77.9
1977 0.12 0.86 0.02 0.00 86.3
1978 0.10 0.88 0.02 0.00 49.6
1979 0.08 0.89 0.03 0.00 26.3
1980 0.05 0.90 0.05 0.00 9.4
1981 0.15 0.79 0.05 0.00 8.7
1982 0.08 0.81 0.11 0.00 4.3
1983 0.13 0.78 0.09 0.00 4.8
1984 0.25 0.50 0.24 0.00 1.9
1985 0.09 0.34 0.56 0.00 1.2

Source: Agriculture Canada databank.

A



Table N11 - Composition of Western Canada Pork Exports to the U.S.

relative proportion of
total

fresh fresh & cured canned exports
ham frozen pork pork (mill lbs)

pork

1967 0.71 0.22 na na 28.6
1968 0.70 0.24 0.06 0.00 31.4
1969 0.81 0.12 0.07 0.00 27.6
1970 0.65 0.30 0.05 0.01 38.8
1971 0.63 0.32 0.04 0.01 49.9
1972 0.60 0.33 0.07 0.00 43.1
1973 0.51 0.42 0.06 0.00 45.3
1974 0.58 0.34 0.08 0.00 32.6
1975 0.61 0.23 0.16 0.00 13.7
1976 0.54 0.25 0.21 0.00 10.5
1977 0.52 0.22 0.26 0.00 8.0
1978 0.28 0.44 0.27 0.00 9.1
1979 0.23 0.48 0.29 0.00 9.4
1980 0.23 0.60 0.14 0.02 17.9
1981 0.25 0.54 0.13 0.08 19.0
1982 0.28 0.54 0.10 0.09 29.7
1983 0.32 0.53 0.10 0.05 31.5
1984 0.29 0.65 0.05 0.00 71.4
1985 0.25 0.67 0.08 0.00 115.5

Source: Agriculture Canada databank.



Table N12 - Composition of Western Canada Pork Net Exports to the U.S.

millions of pounds in carcass weight

fresh fresh & cured canned

ham frozen pork pork
pork

total

1967 19.6 2.1
1968 20.4 0.4
1969 17.9 -5.4
1970 23.5 10.1
1971 31.4 15.5
1972 24.7 9.8
1973 21.8 11.1
1974 16.7 -5.4
1975 3.2 *-21.0
1976 -5.9 -62.2
1977 -6.5 -72.1
1978 -2.4 -39.5
1979 0.1 -19.0
1980 3.7 2.3
1981 3.4 3.3
1982 7.9 12.4
1983 9.5 13.1
1984 20.3 45.8

1985 28.7 77.0

na na 23.4

2.0 0.0 22.7
1.8 0.1 14.4

1.9 0.4 35.8
2.0 0.6 49.4
2.7 0.2 37.4
2.7 0.2 35.8

2.2 0.1 13.6
1,4 0.0 -16.3
0.6 0.0 -67.5
0.2 -0.0 -78.3
1.3 0.0 -40.5
1.9 0.0 -16.9
2.1 0.4 8.5
2.0 1.6 10.3
2.5 2.5 25.4
2.7 1.4 26.7
3.4 0.0 69.4
8.6 0.0 114.3

Source: Agriculture Canada databank.

a



Table N13 - Composition of Eastern Canada Pork Import from the U.S.

relative proportion of
total

fresh fresh & cured canned imports'
ham frozen pork pork (mill lbs)

pork

1967 0.19 0.34 0.46 0.01 22.8
1968 0.20 0.43 0.38 0.00 29.0

, 1969 0.24 0.54 0.23 0.00 55.0
1970 0.19 0.39 0.43 0.00 20.9
1971 0.10 0.47 0.44 0.00 14.2
1972 0.19 0.58 0.23 0.00 29.0
1973 0.20 0.61 0.20 0.00 33.3
1974 0.28 0.58 0.14 0.00 44.3
1975 0.31 0.60 0.09 ‘ 0.00 63.4
1976 0.29 0.64 0.08 0.00 114.3
1977 0.17 0.75 0.09 0.00 112.5
1978 0.11 0.78 0.11 0.00 64.9
1979 0.07 0.78 0.15 0.00 42.6
1980 0.06 0.67 0.27 0.00 27.4
1981 0.08 0.74 0.18 0.00 30.8
1982 0.05 0.83 0.12 0.00 24.9
1983 0.06 0.76 0.17 0.01 28.7
1984 0.06 0.76 0.19 0.00 16.7
1985 0.02 0.76 0.22 0.00 12.3

Source: Agriculture Canada databank.



Table N14 - Composition of Eastern Canada Pork Exports to the U.S.

------ relative proportion of
total

fresh fresh & cured canned exports
ham frozen pork pork (mill lbs)

pork

1967 0.65 0.10 0.19 0.06 26.6
1968 0.67 0.08 0.21 0.04 25.1
1969 0.71 0.05 0.20 0.04 23.0
1970 0.67 0.08 0.21 0.04 22.1
1971 0.64 0.12 0.19 0.04 19.0
1972 0.60 0.18 0.20 0.02 19.2
1973 0.42 0.38 0.13 0.08 23.2
1974 0.62 0.12 0.19 0.07 16.0

1975 0.69 0.17 0.10 • 0.03 17.1
1976 0.61 0.26 0.13 0.00 12.1
1977 0.55 0.35 0.10 0.00 14.8
1978 0.56 0.39 0.05 0.00 38.5

1979 0.49 0.48 0.03 0.00 80.3

1980 0.48 0.50 0.01 0.00 152.3

1981 0.46 0.52 0.02 0.00 155.5

1982 0.44 0.55 0.01 0.00 219.5

1983 0.42 0.56 0.02 0.00 212.0

1984 0.37 0.61 0.02 0.00 242.9

1985 0.35 0.64 0.01 0.00 259.2

Source: Agriculture Canada databank.



Table N15 - Composition of Eastern Canada Pork Net Exports to the U.S.
millions of pounds in carcass weight

fresh fresh & cured canned
ham frozen pork pork

pork
total

1967 12.7 -5.1
1968 11.2 -10.5
1969 3.3 -28.3
1970 11.0 -6.4
1971 10.8 -4.3
1972 6.1 -13.4
1973 3.2 -11.3
1974 -2.4 -23.8
1975 -7.9 -35.3
1976 -25.5 -69.7
1977 -10.5 -79.1
1978 14.4 -35.4
1979 36.6 4.9
1980 71.9 58.1
1981 68.4 58.8
1982 94.5 100.0
1983 86.9 97.7
1984 89.4 136.1
1985 89.7 156.5

na na 3.8
-5.8 1.1 -3.9
-7.9 0.9 -32.0
-4.3 0.9 1.2
-2.5 0.9 4.9
-2.8 0.3 -9.8
-3.6 1.6 -10.1
-3.2 1.0 -28.3
-3.7 0.5 -46.4
-7.1 0.0 -102.2
-8.1 -0.0 -97.6
-5.4 -0.0 -26.4
-3.9 0.1 37.7
-5.5 0.4 124.9
-2.8 0.3 124.7
0.1 -0.0 194.6
-1.3 -0.1 183,2
0.7 0.1 226.2
0.8 0.0 246.9

Source: Agriculture Canada databank.
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Table N18 - Rail Rates for Cattle, Swith Current, Sask. to Midhurst, Ont.
dollars per cwt

1972 1
1973 1
1974 1
1975 1
1976 1
1977 1
1978 1
1979 1
1980 1
1981 1
1982 1
1983 1
1984 1
1985 1
1986 1

3.47
3.47
3.47
4.52
4.76
5.35
5.35
5.54
5.37
6.9
8.02
6.56
6.95
7.3
7.59

3.47
3.47
3.47
4.52
4.76
5.35
5.54
5.54
6.9
6.9
6.56
6.95
7.3
7.3
7.59

3.47
3.47
3.47
4.76
4.76
5.35
5.54
5.54
6.9
8.02
6.56
6.95
7.54
7.3
7.59

Source: Canadian Freight Association, "Eastboun Tariffs.

3.47
3.47
3.47
4.76
5.35
5.21
5.54
5.8
6.9
7.36
6.84
6.95
7.54
8.5
8.5



Table N19 - Live Cattle Freight Rail Rates, Calgary to Toronto
single deck rail car, dollars per car

1972 1 881. 881. 881. 881.
1973 1 881. 881. 881. 881.
1974 1 881. 881. 881. 881.
1975 1 968. 1218. 1260. 1344.
1976 1 1386. 1386. 1386. 1420.
1977 1 1420. 1420. 1420. 1385.
1978 1 1420. 1611. 1611. 1472.
1979 1 1472. 1611. 1611. 1638.
1980 1 1638. 1835. 1835. 1835.
1981 1 1835. 2001. 2099. 1919.
1982 1 2131. 1876.5 1876.5 2034.14
1983 1 1876.5 1989.09 1989.09 2135.85
1984 1 1989.09 2088.53 2088.53 2221.28
1985 1 2088.53 2172.08 2172.08 2432.3
1986 1 2172.08 2237.24 2237.24 2432.3
1987 1 2237.24

Source: Alberta Agriculture, Agriculture Transportation,
Volume X, September 1986.



Table N20 - Rail Freight Rates for Dressed Meat, Calgary to Toronto
dollars per cwt, minimum weight 60,000 cwt

1972 1
1973 1
1974 1
1975 1
1976 1
1977 1
1978 1
1979 1
1980 1
1981 1
1982 1
1983 1
1984 1
1985 1
1986 1

3.5
3.5
3.5
4.24
5.05
5.16
5.39
5.71
6.32
7.21
8.51
9.02
9.17
9.72
9.85

3.5
3.5
3.5
4.7
5.05
5.16
5.39
5.71
6.52
7.31
8.51
9.02
9.47
9.85
9.85

3.5
3.5
3.5 .
4.78
5.09
5.16
5.39
5.71
6.52
7.48
8.51
9.02
9.47
9.85
9.85

Source: Alberta Agriculture, Agriculture Transportation,
Volume X, September 1986.

3.5
3.5
3.5
4.78
5.16
5.16
5.39
5.92
6.52
7.6
8.51
9.02
9.47
9.85
9.85



Table N21 - Price Index for Railroad Freight in the U.S., 1984(12)=100

1974 5 38.5005 38.6339 42.0224 42.1024
9 42.1558 42.1558 42.1558 42.2358

1975 1 42,2358 42.2358 42.2358 42.2358
5 44.2369 44.2636 46.7449 46.8516
9 46.8783 48.079 48.239 48.2657

1976 1 48.2924 48.3458 48.3458 49.4664
5 49.9199 50. 50. ' 50.0267
9 50.0533 50.9872 50.9872 51.1206

1977 1 52.8282 52.8282 52.8815 52.9082
5 52.8815 52.8815 52.9349 52.9349
9 52.9616 52.9616 52.9883 55.4429

1978 1 55.3895 55.3895 55.4162 55.4429
5 55.4696 55.5496 57.4173 57.5507
9 57.5774 57.5774 57.7108 61.6329

1979 1 61.8997 61.9263 62.1398 62.2198
5 62.2465 62.9402 63.8741 64.5144
9 65.2081 69.7172 69.9039 70.1174

1980 1 70.6243 71.4247 71.985 74.6264
5 74.6264 75.3202 77.8281 78.0149
9 79.6425 79.7759 79.936 80.1761

1981 1 83.7246 84.7652 85.7523 85.6457
5 85.7523 86.5261 88.9007 88.9808
9 89.0075 90.0747 90.1281 90.048

1982 1 93.4898 93.5432 93.5165 93.7033
5 93.7566 93.7833 93.9167 93.9167
9 93.89 93.89 93.89 93.89

1983 1 94.0501 94.8239 94.7972 94.7972
5 94.8239 94.8239 94.8773 94.8773
9 94.8506 95.2775 95.2775 95.3041

1984 1 98.9061 98.9061 98.9861 99.0128
5 99.0128 99.0128 99.3596 99.3596
9 99.3863 99.8932 99.8932 100.

1985 1 100. 100. 100. 100. .
5 100. 99.9 99.8 99.8
9 99.8 99.8 99.8 99.8

1986 1 100.9 101. 101. 100.9
5 100.9 100.9 101.1 101.1
9 100.8 100.6

Source: U.S. Department of Commerce, Survey of Current Business.
Note: Series available starting from 1969 in "Monthly Labour Review",

June 1975.



Table N22 - Trucking Rates for Hauling Produce

Imperial Valley, CA to New-York, U.S. cents per mile

1980 1 84.7 84.7 86.8 88.6

5 96.4 103.3 118.2 96.4

9 93.2 94.8 88.1 79.9

1981 1 84.7 88.6 92.2 99.7

5 86.6 130. 118.2 96.4

9 91.6 91.6 85. 81.5

1982 1 96.1 94. 113. 96.1

5 99.9 101.5 126.5 116.6

9 98.3 90. 86.6 85.

1983 1 96.1 94. 113: 96.1

5 99.9 101.5 126.5 116.6

9 98.3 90. 86.6 85.

1984 1 116.9 105.3 103.7 107.2

5 98.2 136.7 141.5 131.6

9 92.8 85.2 88. 86.6

1985 1 97.8 105.3 103.7 105.3

5 96.5 129.9 136.4 121.4

9 101.6 99.9 94.8 90.

1986 1 103.7 107.2 107.2 109.2

5 99.9 129.9 144.9 124.8

9 108.1 101.6 96.5 94.8

1987 1 109.2 111.1

Source: T.Q. Hutchinson, U.S.D.A., Office of Transportation.
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